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SURFACE TREATMENT OF POLYIMIDE FILM AND 
POLYIMIDE FILM HAVING A THIN METAL LAYER 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

5 The present invention relates to an improvement in surface treatment of a 

polyimide film and to a polyimide film having a thin metal layer. More particularly, it 
relates to a method of surface treating a polyimide film to provide a thin metal 
layer-laminated polyimide film which exhibits improved peel strength and, even after 
heated or humidified, retains relatively high peel strength and to a polyimide film 
10 having a thin metal layer. 

Description of the Related Art: 

Aromatic polyimide film is widely used in electronic equipment such as 
cameras, computers, and liquid crystal displays. 

In applying an aromatic polyimide film as a substrate material of flexible printed 
15 wiring boards (FPCs), tape automated bonding (TAB) tape carriers, etc., copper foil is 
bonded to the aromatic polyimide film via an adhesive such as an epoxy resin adhesive. 

Although the aromatic polyimide film is excellent in heat resistance, mechanical 
strength and electrical characteristics, the adhesive is inferior in heat resistance and the 
like. It follows that the copper/polyimide laminate fails to take the full advantage of 
20 the characteristics possessed by the polyimide. 

To overcome this problem, adhesiveless all-polyimide copper clad laminates 
have been developed. All-polyimide copper clad laminates are prepared by (a) 
depositing such metal as nickel or chromium on polyimide by vapor deposition and then 
electroplating with copper, (b) applying a polyamic acid solution to copper foil, 
25 followed by drying and imidation, or (c) heat press bonding polyimide film and copper 
foil via thermoplastic polyimide. However, it has been pointed out that these 
all-polyimide copper clad laminates have small adhesion strength or impaired electrical 
characteristics. 
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A polyimide laminate having a polyimide adhesive between polyimide film and 
a copper layer is known (U.S. Patent 4,543,295). This technique is ^applicable to a 
biphenyltetracarboxylic acid-based polyimide having a low coefficient of linear thermal 
expansion because of small adhesive strength achieved. 

5 Therefore, it has been proposed to use in roll lamination a thermally fusible 

polyimide obtained by using a specific aromatic diamine. Nevertheless, the resulting 
polyimide copper clad laminates still tend to have small peel strength after allowed to 
stand in a humidifying condition. It has been sometimes impossible with these 
methods to reduce the thickness of a metal layer, or there has been difficulty in freely 

i o changing the thickness of a metal layer. 

JP-A-6-21 157 proposes an improved plating method, in which a polyimide film 
is rendered hydrophilic by surface treatment with an aqueous solution of a permanga- 
nate, such as sodium permanganate or potassium permanganate, or a hypochlorite, such 
as sodium hypochlorite or potassium hypochlorite. According to the publication, the 
treated polyimide film is electroless plated with nickel or cobalt to form a thin metal 
layer, which is, if desired, further electroless plated with copper, and a copper layer is 
formed thereon by electroplating to produce a copper-clad polyimide substrate. It is 
claimed that, when the copper-clad polyimide substrate is left to stand in a high tem- 
perature environment for a long time, the reduction in adhesion strength is negligible. 
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The polyimide film used in JP-A-6-21 157 is Kapton (available from Du 
Pont-Toray C o., Ltd.) b ased o n p yromellitic acid c omponent. The p resent inventors 
have revealed that the surface treatment of JP-A-6-21 157 produces no effect when 
applied to polyimide film based on a biphenyltetracarboxylic acid component. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a method of surface treating a 
polyimide film to impart improved metal adhesion so that a thin metal layer-laminated 
polyimide film prepared by using the treated polyimide film retains relatively high peel 
strength even after left to stand in a heating or humidifying condition. 
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Another object of the present invention is to provide a polyimide film having a 
thin metal layer which comprises a polyimide film having been surface treated by the 
method and a thin metal layer formed on the treated side of the polyimide film. 

The present invention relates to a method of surface treating a polyimide film 
5 having a biphenyltetracarboxylic acid component which comprises treating the surface 
of the film by contact to a solution, preferably immersion in a solution, containing at 
least one of potassium permanganate and sodium permanganate and at least one of 
potassium hydroxide and sodium hydroxide and treating the film surface with an acid 
thereby to improve the adhesion to metal. 

10 The present invention also relates to a polyimide film having a thin metal layer 

which is composed of a polyimide film having been surface treated by the 
above-described method to have improved adhesion to metal and a metal layer formed 
on the surface-treated side of the polyimide film by vapor deposition or a combination 
of vapor deposition and plating. 

is It is important in the present invention that surface treatment of a polyimide film 

having a biphenyltetracarboxylic acid component with a solution containing potassium 
permanganate and/or sodium permanganate and potassium hydroxide and/or sodium 
hydroxide by immersion, spraying or a like application method be combined with acid 
treatment. A laminate obtained by forming a thin metal layer on the polyimide film 

20 having a biphenyltetracarboxylic acid component having been subjected to the com- 
bined treatments e xhibits improved a dhesion. Even after the laminate is allowed to 
stand in a heating or humidifying condition, reduction in peel strength is suppressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more particularly described with reference to the 
25 accompanying drawings, in which: 

Fig. 1 is a scanning electron microscopic (SEM) image of a polyimide film 
having been subjected to surface treatment 1 in Example 1 ; and 

Fig. 2 is an SEM image of an untreated polyimide film in Comparative Example 

1. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention embraces the following preferred embodiments of the 
above-described surface treating method and polyimide film. 

1) The surface treating method, wherein the contact treatment is carried out by 
5 immersing the polyimide film in an aqueous solution containing potassium permanga- 
nate and/or sodium permanganate in a total concentration of 10 to 100 g/1 and potassium 
hydroxide and/or sodium hydroxide in a total concentration of 1 0 to 1 00 g/1 at 20 to 
85°C for 10 to 600 seconds. 

2) The surface treating method, wherein plasma treating the surface of the polyim- 
10 ide film is carried out after the acid treatment. 

3) The surface treating method, wherein the polyimide film has a multilayer 
structure composed of a highly heat-resistant polyimide layer based on a biphenyltetra- 
carboxylic acid component having on at least one side thereof a thermoplastic polyim- 
ide layer based on a biphenyltetracarboxylic acid component. 

is 4) The polyimide film having a thin metal layer, wherein the thin metal layer has a 
three-layer structure composed of a first metal layer formed on the surface-treated side 
of the polyimide film by vapor deposition, a second metal layer formed on the first 
metal layer by vapor deposition and/or plating, and an outermost layer formed on the 
second metal layer by plating. 

20 5) The polyimide film having a thin metal layer, wherein the first m etal 1 ayer i s 
made of nickel, chromium, cobalt, palladium, molybdenum, tungsten, titanium, 
zirconium or a nickel-copper alloy, the first metal layer has a thickness of 1 to 30 nm, 
the second metal layer is made o f n ickel, cobalt, a n ickel-cobalt alloy or copper, the 
second metal layer has a thickness of 0.1 to 2.0 jum, and the outermost metal layer is a 

2 5 copper layer having a thickness of 0 to 20 j^m. 

The polyimide film which can be used in the present invention preferably 
includes a 5 to 120 jam thick film of a polyimide prepared from an acid component 
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comprising 3,3',4,4'-biphenyltetracarboxylic acid dianhydride (hereinafter abbreviated 
as s-BPDA) and, if desired, pyromellitic dianhydride (hereinafter abbreviated as 
PMDA) and B^'A^-benzophenonetetracarboxylic acid dianhydride (hereinafter 
abbreviated as BTDA) and a diamine component comprising 4,4'-diaminodiphenyl ether 
5 (hereinafter abbreviated as DADE) and, if desired, p-phenylenediamine (hereinafter 
abbreviated as PPD). These types of polyimide will be referred to as an 
s-BPDA/DADE polyimide which means the polyimide comprises s-BPDA and DADE. 

The polyimide may comprise other aromatic tetracarboxylic acid dianhydrides 
or other a romatic diamines, e.g., 4 ,4 f -diaminodiphenylmethane, as far as the physical 

1 o properties inherent to the above-described polyimide are not impaired. 

The aromatic ring of the above-recited aromatic tetracarboxylic acid dianhy- 
drides or aromatic diamines may have a substituent, such as a hydroxyl group, a methyl 
group or a methoxy group. 

A particularly suitable polyimide film having a biphenyltetracarboxylic acid 
15 component is a multilayer polyimide film composed of a highly heat-resistant polyimide 
layer having on at least one side thereof a thermoplastic polyimide layer based on a 
biphenyltetracarboxylic acid component h aving a glass transition temperature ( Tg) o f 
200 to 300°C. 

In view of dimensional precision and rigidity, the multilayer polyimide film 
20 suitably has a layer structure in which the biphenyltetracarboxylic acid-based thermo- 
plastic polyimide layer has a thickness of 1 to 10 jjm, the highly heat-resistant polyim- 
ide layer has a thickness of 5 to 120 jam, and a total film has a thickness of about 7 to 
125 jam. 

The highly heat-resistant polyimide preferably has such heat resistance that a 

2 5 single film made of it has too high a Tg not to be confirmed in a temperature range 

below about 320°C, preferably below about 350°C. It is particularly preferred for the 
highly heat-resistant polyimide film to have a linear expansion coefficient of 5 x 10" 6 to 
25 x 10" 6 cm/cm/°C in a temperature range of 50 to 200°C in both MD and TD and as 
an average of MD and TD. 



Processes for the highly heat-resistant polyimide are not limited as long as the 
linear expansion coefficient and the Tg of film of the product fall within the above 
ranges. For example, the polyimide includes a random or block copolymer having an 
arbitrary tetracarboxylic acid component and an arbitrary aromatic diamine component 
at a mole ratio of approximately 1:1, a polymer blend comprising two or more kinds of 
polyimides, and a copolymer o btained b y prepareing two o r m ore k inds ofpolyamic 
acid solutions, mixing them, and allowing them to re-combine. 

Particularly preferred highly heat-resistant polyimides are s-BPDA/PPD 
polyimides prepared from an acid component comprising s-BPDA and, if desired, 
PMDA and/or BTDA and a diamine component comprising PPD and, if desired, 
DADE. 

The aromatic tetracarboxylic acid component providing the thermoplastic 
polyimide includes 2,3, 3', 4'-biphenyl tetracarboxylic acid dianhydride (hereinafter 
abbreviated as a-BPDA) and s-BPDA. Part of the aromatic tetracarboxylic acid 
component can be displaced with PMDA, BTDA, etc. 

The aromatic diamine component providing the thermoplastic polyimide 
includes flexible aromatic diamines having a plurality of benzene rings, such as DADE, 
4,4-diaminobenzophenone, 4,4'-diaminodiphenylmethane, 2,2-bis(4-aminophenyl) 
-propane, l,3-bis(4-aminophenoxybenzene), 1 ,3-bis(3-aminophenoxybenzene), 
l,4-bis(4-aminophenoxy)benzene, 4,4 , -bis(4-aminophenyl)diphenyl ether, 4,4'-bis 
(4-aminophenyl)diphenylmethane, 4,4 -bis(4-aminophenoxy)diphenyl ether, 4,4'-bis 
(4-aminophenoxy)diphenylmethane, and 2,2-bis[4-(aminophenoxy)phenyl]propane. 

Part of the aromatic diamine can be replaced with aliphatic diamines, such as 
1 ,4-diaminobutane, 1 ,6-diaminohexane, 1,8-diaminooctane, 1,10-diaminodecane, and 
1,12-diaminododecane, or diaminodisiloxanes, such as bis(3-aminopropyl) tetrame- 
thyl-disiloxane. 

In order to block the amine terminal of the thermoplastic polyimide, it is 
possible to use dicarboxylic acids, such as phthalic anhydride and its derivatives, 



hexahydrophthalic anhydride and its derivatives, and succinic anhydride and its 
derivatives, especially phthalic anhydride. 

In preparing the highly heat-resistant polyimide and the thermoplastic polyim- 
ide, the above-described acid and diamine components (and, if desired, other tetracar- 
boxylic dianhydrides and other diamines) are allowed to react in an organic solvent at 
about 100°C or lower, preferably 20 to 60°C, to prepare a polyamic acid solution, called 
a dope solution. 

In the above reaction, the tetracarboxylic dianhydride and the dicarboxylic acid 
are preferably used in a total amount of 0.92 to 1.1 mol, particularly 0.98 to 1.1 mol, 
especially 0.99 to 1.1 mol, per mole of the total diamine component. 

For the purpose of suppressing gelation of the polyamic acid, a phosphorous 
type stabilizers, such as triphenyl phosphite or triphenyl phosphate, can be added to the 
polyamic acid polymerization system in an amount of 0.01 to 1% by weight based on 
the solid content (polymer). For imidation acceleration a basic organic compound may 
be added to the dope solution as a catalyst. For example, imidazole, 2-imidazole, 
1 ,2-dimethylimidazole, 2-phenylimidazole, etc. can be used in an amount of 0.01 to 
20% by weight, particularly 0.5 to 10% by weight, based on the polyamic acid (solid 
content). Enabling polyimide film formation at relatively low temperature, the catalyst 
is used for avoiding insufficient imidation. 

The dope solution for preparing a thermoplastic polyimide can further contain an 
organoaluminum compound, an inorganic aluminum compound or an organotin 
compound. For example, aluminum hydroxide, aluminum triacetylacetonate, etc. may 
be added in an amount of 1 ppm or more, particularly 1 to 1000 ppm, in terms of 
metallic aluminum, based on the polyamic acid (solid content). 

The organic solvent used in the preparation of the polyamic acid, whether for the 
highly heat-resistant polyimide or for the thermoplastic polyimide, includes 
N-methyl-2-pyrrolidone, N,N-dimethylformamide, N,N-dimethylacetamide, 

N,N-diethyl-acetamide, dimethyl sulfoxide, hexamethylphosphoramide, 
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N-methylcaprolactam, and cresols. These organic solvents can be used either indi- 
vidually or as a combination thereof. 

The multilayer polyimide film is conveniently prepared by a coextrusion casting 
method. For example, a polyamic acid solution (dope) for a highly heat-resistant 
polyimide and a solution of a thermoplastic polyimide or a precursor thereof are 
co-extruded with the latter on one or both sides of the former and cast on a carrier, such 
as a mirror-finished stainless steel plate or belt, etc., and treated at 100 to 200°C into a 
half-dried to half-cured state. The half-dried to half-cured state means a 
self-supporting film state resulting from heating and/or chemical imidation. 

Coextrusion of a polyamic acid dope solution for a highly heat-resistant poly- 
imide and that for a thermoplastic polyimide into a multilayer structure can be carried 
out by, for example, feeding the dopes to a three-layer coextrusion die and casting the 
extruded film on a carrier according to the technique disclosed in JP-A-3- 180343. 

The two- or three-layer extruded film is half-dried and then heated to further dry 
the film and induce imidation to provide a multilayer polyimide film composed of a 
highly heat-resistant polyimide layer (base layer) and a thermoplastic polyimide layer 
on at least one side, preferably both sides, of the base layer. The heating temperature 
is at or above the Tg of the thermoplastic polyimide and below a temperature causing 
deterioration of the thermoplastic polyimide, suitably 300 to 550°C in terms of the 
surface temperature measured with a surface thermometer. At the heating temperature 
of 300 to 500°C, the heating time is preferably 1 to 60 minutes. 

The highly heat-resistant polyimide base layer preferably has a thickness of 5 to 
120 jam, desirably 5 to 70 jim, more desirably 5 to 40 \xm. With the thickness of the 
base layer being smaller than 5 jim, the multilayer polyimide film may have insufficient 
mechanical strength or dimensional stability. Where the thickness of the base layer 
exceeds 1 20 (am, difficulties in solvent removal and imidation can result. 

The thermoplastic polyimide layer or layers each preferably have a thickness of 
1 to 10 jam, particularly 2 to 5 jim. A thickness smaller than 1 jam has reduced 



adhesion performance. A thickness greater than 10 ^im is usable but produces no 
greater effects and rather results in reduction of heat resistance of the polyimide film. 

The multilayer polyimide film preferably has a thickness of 7 to 125 jum, 
particularly 7 to 50 jam. A thinner film than 7 jam is difficult to handle. A thicker 
film than 125 jum tends to have difficulties in solvent removal and imidation. 

Where the a bove-mentioned coextrusion c asting method is followed, t he base 
layer and the thermoplastic polyimide layer(s) can be adhered firmly to provide a 
multilayer construction exhibiting satisfactory electrical and mechanical characteristics. 

According to the present invention, the surface of the polyimide film having the 
biphenyltetracarboxylic acid component is treated with a solution containing at least one 
of potassium permanganate and sodium permanganate and at least one of potassium 
hydroxide and sodium hydroxide by contact, preferably by immersion, and then treated 
with an acid. 

The immersion treatment is preferably performed by immersing the polyimide 
film in an aqueous solution at 20 to 85°C which contains potassium permanganate 
and/or sodium permanganate in a total concentration of 10 to 100 g/1 and potassium 
hydroxide and/or sodium hydroxide in a total concentration of 10 to 100 g/1 for about 10 
to 600 seconds. Prior to the immersion treatment, the surface of the polyimide film 
can be swollen with a mixed aqueous solution containing diethylene glycol monobutyl 
ether (a concentration of the compound is, for example, 25% by weight), ethylene 
glycol (a concentration of the compound is, for example, 10% by weight), and 1 to 
10 g/1 of sodium hydroxide. The immersion treatment may be effected either continu- 
ously or batchwise, preferably continuously. 

The immersion-treated polyimide film is then treated with an acid for neutraliza- 
tion. Acids to be used for the acid treatment are not particularly limited. Inorganic 
acids such as sulfuric acid, hydrochloric acid, and nitric acid, and organic acids such as 
acetic acid and formic acid are useful, with sulfuric acid being suitable. The acid 
treating conditions are not particularly limited, either. In using sulfuric acid, for 
example, the acid treatment is preferably carried out with 1 to 20%, particularly 5 to 
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10%, sulfuric acid at 5 to 80°C for 1 second to 60 minutes. The acid-treated polyimide 
film is preferably washed with water. 

Immediately before forming a thin metal layer on the thus treated polyimide 
film, it is a preferred embodiment to subject the film surface to plasma treatment to 
clean the surface and thereby to further improve the adhesion to metal. Plasma 
treatment is conveniently conducted by using helium, neon, argon, krypton, xenon, 
nitrogen or a mixed gas thereof under a pressure of 0.3 to 50 Pa, preferably 6 to 27 Pa. 
Argon gas is preferred for its low cost and high cleaning performance. 

A thin metal layer can be formed on the treated side of the polyimide film, i.e., 
the side with improved adhesion to metal by vapor deposition or a combination of vapor 
deposition and electroless plating and/or electroplating to provide a polyimide film 
having a thin metal layer. 

The thin metal layer provided on the surface-treated polyimide film can have a 
two-layer structure composed of a first metal layer formed on the surface-treated side of 
the polyimide film by vapor deposition and a second metal layer formed on the first 
metal layer by vapor deposition and/or plating. A third metal layer as an outermost 
layer can further be formed on the second metal layer by plating to make a three-layer 
structure. 

The metal forming the first metal layer is required to provide good adhesion 
between the polyimide film and the second metal layer, involve no thermal diffusion, 
and to be strong a nd r esistant against chemicals a nd h eat. From this viewpoint, the 
metal is preferably at least one member selected from the group consisting of nickel, 
chromium, cobalt, palladium, molybdenum, tungsten, titanium, zirconium and a 
nickel-copper alloy. 

Where the metal layer has a two- or three-layer structure, the first metal deposit 
layer preferably has a deposit thickness of 1 to 30 nm. Within this thickness range it is 
necessary to secure enhancement of adhesion and durability after thermal loading. If 
the deposit thickness is 1 ess than 1 nm, not only adhesion to the polyimide film but 
chemical resistance and heat resistance would be insufficient. If, on the other hand, 
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the deposit thickness is greater than 30 nm, cohesive failure can happen inside the first 
metal layer, resulting in reduction of adhesion. Such a thick layer is also disadvanta- 
geous for etching efficiency. 

According to the surface treating method of the present invention, a polyimide 
5 film can be provided with unevenness having a large number of projections and 
depressions as shown in the SEM image of Fig. 1 . As a result, the metal vapor for 
forming the first metal deposit layer enters the depressions in the film thickness 
direction and deposit metal into the depressions to provide enhanced adhesion and 
durability after thermal loading. It is preferred for the metal vapor to enter at least 
10 1 nm, particularly 2 nm or deeper from the surface of the polyimide film to deposit 
metal. The metal deposited into the surface depressions of the polyimide film is 
considered to produce anchoring effects for securing strength of the deposited layer. 

Vapor deposition to form the first metal layer on one or both treated sides of the 
polyimide film is preferably carried out by vacuum evaporation, sputtering, ion plating, 
15 or ion-assisted deposition. The deposition chamber is preferably previously evacuated 
to a high degree of vacuum of 5 x iO" 4 Pa or lower. The gas pressure in sputtering is 
preferably 5 Pa or lower, still preferably 5 x 10" 1 Pa or lower, from the standpoint of 
processing stability and deposit film denseness. Usable gases for vapor deposition 
include rare gases, such as argon, neon, krypton, and helium, nitrogen, and hydrogen. 

2 o Argon or nitrogen are preferred for their low cost. 

In order to prevent moisture adsorbed on the film from oxidizing the metal layer 
and to improve denseness and uniformity of the metal layer, it is desirable that the 
polyimide film be pre-heated to 30 to 280°C, particularly 30 to 120°C, prior to vapor 
deposition. Heating temperatures above 2 80°C can result in wrinkling during vapor 
25 deposition or blocking of the resulting laminates due to insufficient cooling after metal 
layer formation. The preheating may be done with a heating roll or a heater provided 
in front of a deposition chamber. 

It is preferable that the polyimide film be subjected to plasma treatment a fter 
preheating and immediately before vapor deposition to clean the film surface and to 

3 o improve adhesion to metal. 
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In case where copper is deposited on the first metal layer by vapor deposition to 
form the second metal layer, vapor deposition is carried out by sputtering, ion plating, 
electron beam evaporation or a like technique. The copper deposit layer preferably has 
a deposit thickness of 10 nm to 5 nm, particularly 100 to 500 nm. A thinner copper 
layer than 10 nm will fail to perform the full function as an undercoat for plating. A 
thickness exceeding 5 (am leads to increased cost. 

Vapor deposition for the first metal layer and that for the second metal layer on a 
running polyimide film can be conducted either continuously or discontinuously. For 
example, a polyimide film having a first metal layer deposited thereon may be trans- 
ported in a reverse direction and then subjected to second vapor deposition for forming 
a second metal layer. However, releasing the first metal layer from a vacuum system 
tends to involve oxidation of the first metal layer, which is unfavorable from the 
standpoint of adhesive strength. 

The degree of vacuum in the second vapor deposition chamber is preferably 
previously set at 5 x 10" 5 Pa or lower. In the case of sputtering, the gas pressure is 
preferably 5 Pa or lower, particularly 5 x 10" 1 Pa or lower, for processing stability and 
deposit film denseness. Usable gases for vapor deposition include rare gases, such as 
argon, neon, krypton, and helium, nitrogen, and hydrogen. Argon or nitrogen are 
preferred for their low cost. 

The second metal layer can be plated with copper by electroless plating and/or 
electroplating to form a copper plating layer and thereby to provide a thickened conduc- 
tive layer. The copper plating layer preferably has a thickness of 0 to 20 jim. A 
copper plating layer thicker than 20 jum can result in reduction of line width precision in 
high-density wiring. Such a thick copper layer is also disadvantageous for achieving 
weight and size reduction of electronic components to be mounted and from the 
economical consideration. 

The polyimide film with a thin metal layer according to the present invention is 
used as such or in the form of roll. If necessary, it is subjected to various treatments 
such as etching and reverse curling treatment, and cut to size for use as a substrate of 
electronic components. For example, it is fit for use as a substrate of FPCs, TAB tape 
carriers, multilayer FPCs, and rigid-flex circuit boards. 



The present invention will now be illustrated in greater detail with reference to 
Reference Example and Examples, but it should be understood that the invention is not 
construed as being limited thereto. Unless otherwise noted, all the percents are by 
weight. A peel strength of metal layer/polyimide laminates produced was measured as 
follows. Mechanical properties of the polyimide film prepared were measured 
according to ASTM D882. 

Measurement of peel strength: 

A 10 mm wide test specimen was cut out of a thin metal layer/polyimide film 
laminate after being allowed to stand at room temperature for 24 hours, at 1 50°C for 24 
hours, at 200°C for 24 hours, or at 121 °C and 100% RH under 2 atms. (pressure cooker 
test; PCT) for 24 hours, each after copper plating. The 90° peel strength of the 
specimen was measured at a pulling speed of 50 mm/min. 

REFERENCE EXAMPLE 1 

Preparation of multilayer polyimide film 

A dope solution for highly heat-resistant polyimide having a monomer concen- 
tration of 1 8% was prepared by polymerizing PPD and s-BPDA at a molar ratio of 1 : 1 
in N-methyl-2-pyrrolidone. A dope solution for thermoplastic polyimide having a 
monomer concentration of 1 8% was prepared by polymerizing DADE and s-BPDA at a 
molar ratio of 1:1 in N-methyl-2-pyrrolidone. The two dope solutions were coex- 
truded through a film forming apparatus equipped with a three-layer coextrusion die 
(multi-manifold die), cast on a metal-made carrier, and continuously dried with hot air 
at 150°C to form a solid film. The cast film was stripped from the carrier and heated 
in a heating oven at a gradually elevated temperature of from 200°C to 525°C to remove 
the solvent and to imidate the polyimide precursor. The resulting three-layered 
polyimide film was wound into roll. 

The resulting three-layered polyimide film had the following p hysical proper- 
ties. 

Thickness structure: 3 nm/44 ju.m/3 jam (50 \xm in total) 
Tg of thermoplastic polyimide: 275°C 
Volume resistivity: >1 x 10 15 Q-cm 
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Coefficient of linear thermal expansion (50 to 200°C): 10 x 10* 6 to 20 x 
10" 6 cm/cm/°C in both MD and TD 

EXAMPLE 1 

1) Treatment 1 

The multilayer polyimide film prepared in Reference Example 1 was immersed 
in an aqueous solution containing 60 g/1 of potassium permanganate and 45 g/1 of 
sodium hydroxide for 1 minute, washed with water, neutralized with a 50 ml/1 sulfuric 
acid aqueous solution, and washed with water. The SEM image of the treated side of 
the polyimide film is shown in Fig. 1 . 

2) Treatment 2 

The film having been treated by treatment 1 was set on a substrate holder in a 
sputtering chamber. After evacuating the chamber to a pressure of 2 x lO^Pa or 
lower, argon was introduced to a pressure of 0.67 Pa. A 13.56 MHz radiofrequency 
power of 500W was applied to the electrodes to generate plasma to give 1 minute 
plasma cleaning to the film surface. 

3) Formation of thin metal layer 

Consecutively, chromium and then copper were deposited in an argon atmos- 
phere of 0.67 Pa to a deposit thickness of 10 nm and 0.4 |xm, respectively, and the film 
was taken out of the chamber. The copper layer was plated with copper by electro- 
plating in an acid copper sulfate aqueous solution to a deposit thickness of 20 jim. 

The results of peel test of the metal layer/polyimide laminate are shown in Table 
1 below. 

EXAMPLES 2 AND 3 

A metal layer/polyimide laminate was obtained in the same manner as in 
Example 1, except for prolonging the immersion time of treatment 1 to 3 minutes 
(Example 2) or 5 minutes (Example 3). The results of peel test of the resulting 
laminates are shown in Table 1 . 
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COMPARATIVE EXAMPLE 1 

A metal layer/polyimide laminate was obtained in the same manner as in 
Example 1, except that treatment 1 was not carried out (treating time: 0 min). The 
SEM image of the polyimide film before metal layer formation is shown in Fig. 2. 

As shown in Table 1, the peel strength, which was initially 0.86 kg/cm, re- 
markably reduced after the laminate was left to stand under conditions of 150°C x 
24 hrs, 200°C x 24 hrs, or PCT conditions (12 PC, 100% RH, 2 atms. x 24 hrs). 



TABLE 1 





Treating 
Time (min) 


Peel Strength (kg/cm) (10 mm width; 90° peel) 


Initial 


150°Cx24hrs 


200°Cx24hrs 


PCTx24hrs 


Comparative 
Example 1 


0 


0.86 


0.10 


0.12 


0.72 


Example 1 


1 


1.80 


1.25 


1.20 


1.38 


Example 2 


3 


1.65 


0.85 


0.96 


1.09 


Example 3 


5 


1.63 


0.80 


0.84 


1.10 



COMPARATIVE EXAMPLE 2 

Kapton H, a polyimide film available from Du Pont-Toray Co., Ltd., was surface 
treated in the same manner as in Example 1 . However, the film surface underwent 
considerable dissolution in treatment 1 so that further treatment was impossible. 

As described above, the present invention provides a biphenyltetracarboxylic 
acid-based polyimide film with improved adhesion. The polyimide film of the 
invention provides a thin metal layer/polyimide film laminate which undergoes reduced 
reduction in peel strength even when allowed to stand under a heating or humidifying 
condition (each peel strength is not less than 0.5 kg/cm). The polyimide film having a 
thin metal layer according to the present invention retains relatively high peel strength 
even when allowed to stand under a heating or humidifying condition. 

The invention being thus described, it will be obvious that the same may be 
varied in many ways. Such variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modifications as would be obvious to one 
skilled in the art are intended to be included within the scope of the following claims. 
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This application claims the priority of Japanese Patent Application No. 
2001-96253 filed March 29, 2001, which is incorporated herein by reference. 



